
Brookhaven Science Associates
U.S. Department of Energy

Timing Jitter Requirements for the  Linac
System Based on a Photocathode RF gun

X.J. Wang
National Synchrotron Light Source
Brookhaven National Laboratory

Upton, NY 11973, USA

Presented at the FEL’03
September 9, 2003

Brookhaven Science Associates
U.S. Department of Energy



Brookhaven Science Associates
U.S. Department of Energy

AcknowledgementAcknowledgement
This talk benefited greatly from discussion with following 

colleagues:

BNL: M. Babzien, A. Doyuran, H. Loss, J. Murphy, J. Rose, B. 
Sheehy, Z. Wu and L.H. Yu

ANL: W. Gai
SLAC: P. Emma and P. Krejcik
SHI and FESTA: A. Endo, K. Kobayashi,  F. Sakai 

And Many others. Thank you!



Brookhaven Science Associates
U.S. Department of Energy

OutlineOutline

• Introduction

• What are the timing jitter requirements, what are 
effects. 

• What can we do to reduce the timing jitter –
Environments,  laser oscillators, laser amplifier, 
klystron modulator?

• Timing jitter measurement techniques.

• Summary – 100 fs Ok, 50 fs maybe, 10 fs challenging
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They all driven by a photocathode RF 
Gun Based Linac

They all driven by a photocathode RF 
Gun Based Linac
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Why Photocathode RF GunWhy Photocathode RF Gun

• 6-D performance – smaller 
emittance and shorter bunch.

• Flexibility.

But it bring more issues, mainly laser 
and cathode:

• Stability 
• Reliability
• Uniformity – QE, transverse and 

longitudinal distribution
• Jitters – position and time
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Timing jitter effects - Laser  e- beam (FEL) Interaction
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1-ST STAGE 2-ND STAGE 3-RD STAGE FINAL AMPLIFIER
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The timing jitter between the two lasers is  the arriving time jitter of the 
electron beam relative to the pump laser.  Further more we can assume the 
photocathode RF gun laser and the pump laser is originated from the same 

laser,  now the timing jitter is the traveling time jitter of the electron beam only 

∑= itt 22 δδ
Pump

e-
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Timing jitter is always relative, most 
time we user our RF system as a 
reference, but sometimes it 
conceptual simpler to use laser

Laser 
system

RF GunLinacFEL Undulators

RF system

A Typical Photoinjector Based Linac System – BNL DUV-FEL
Compressor
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Timing jitter effects – photocathode RF gunTiming jitter effects – photocathode RF gun
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Timing Jitter Due to Energy FluctuationTiming Jitter Due to Energy Fluctuation
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For 5 MeV beam through 1 meter, 10-3 energy jitter will lead to 30 
fs arrive time jitter. Similar jitter will be generated inside the RF 

gun,  RF gun energy stability better than 10-4 is required.
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Timing jitter effects – Magnetic Chicane CompressorTiming jitter effects – Magnetic Chicane Compressor

δδδδ∆t0∆t0∆t0∆t0

∆t0∆t0∆t0∆t0∆t0∆t0 ∆t1∆t1∆t1∆t1

late arrival,
higher energy,

less chirp
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Two-Stage Compression Used for StabilityTwo-Stage Compression Used for Stability

System can be optimized for stability against timing & charge jitterSystem can be optimized for stability against timing & charge jitter

~same bunch length~same bunch length~same bunch length~same bunch length

bunch length stability with RF phase jitter…bunch length stability with RF phase jitter… T. RaubenheimerT. RaubenheimerT. RaubenheimerT. Raubenheimer

P. Emma of SLAC
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Timing Jitter Reduction
RF and Laser Synchronization 

Timing Jitter Reduction
RF and Laser Synchronization 
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3 GHz oscillator

Ti:Sapphire laser
75 MHz

Divider
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PD & Filter. 
5th harmonic
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0.9V/rad
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375 MHz

PI controller

Goal : σt < 1 ps 
Achieved : σt= 18 fs (50 mHz..100 kHz)
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Submitted to Optic Letters

Other Options

TUE

•Laser oscillator as the RF source.
•RF oscillator driven by the phase error.
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Is  Ti:Sap Laser a right Choice?
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BNL DUV-FEL Laser Oscillator 
Timing Jitter Measurement

J. Rose of BNL
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200 fs Yb:glass oscillator

λ(um)        P (mW) L(FWHM, fs)         

1.051 136 150

1.047 117 177

Timing jitter: 200fs (FW, detector 
limited)
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ATF Laser Oscillator-to-Clock Relative Phase [ps]
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Measurement of timing fluctuation of the amplified pulses

(a) Long term drift (b) Short term fluctuation (c) Fourier transform of (b)

Long term (one hour) drift was less than 200 fs.
Short term (several seconds) fluctuation was about 10 fs.

FESTA, BNL PEARL 
Injector Workshop
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Ultra-Stable H.V. Power Supply for Klystron

4/5CVPLE ∝∝∆

•Direct DC H.V. Charging power supply.
•Solid State Modulator. 

1 MV Electron Microscope.
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Jitter Measurement Techniques – RF Jitter Measurement Techniques – RF 

e-
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Jitter Measurement Technique 
Based on HGHG

Jitter Measurement Technique 
Based on HGHG
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Initial laser chirp

Polarizer AnalyzerEO Crystal

Bunch charge Gated spectral signal

Spectrometer

ωl

t t ωs

I

Electron bunch

Co-propagating
Laser pulse

Beam pipe

Width gives 
bunch length
Width gives 
bunch length

Centroid gives 
arrival time
Centroid gives 
arrival time

P. Krejcik of 
SLAC

Experimental results: H. Loos et al, “Electro-Optical Longitudinal Electron 
Bunch Shape Diagnostic at the DUV-FEL”, Tu-P-51.
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Summary:Summary:

We have shown that, it is possible to 
realize sub-100fs timing jitter if:

• Proper laser technology and environment.
• Improve the RF power amplitude and 

phase stability of the photocathode RF 
gun – such as use DC modulator.

• Good jitter diagnostics.
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